We investigate the influence of initial selection (the impact of underwriting during the early years of a policy's life) on individual Permanent Health Insurance claim inceptions. In Guti6rrez-Delgado (1999) a decreasing trend was found. In this paper we include the effect of cause of disability and fit a generalized linear model in order to gain a greater understanding of the phenomenon. Both effects, policy duration and cause of disability, are found to have a significant effect on the number of claims. We describe their influence using factors that collect the information available through the fitted model. Results from both factors suggest that Ihe grouping of diseases selected for the research helps to explain partially our earlier results. In addition there is some evidence of moral hazard in metatal disorders and musculoskeletal diseases which also contributes to the understanding of the negative trend found.
INTRODUCTION
Individual Permanent Health Insurance (PHI) is a product available in the U.K. market to cover income protection demands for long-term disability. It provides regular payments, subject to a ceiling based on a percentage of salary, to the policy-holder when he/she is in a disability episode that lasts beyond a predefined deferred period. Premiums are gcnerally level and payable while benefit is not being paid. The contract usually ceases at normal retirement age: 65 for males and 60 for females.
The initial selection effect is related to the time a policy has been in force. It might be expected that under a robust underwriting process there will be lower claim rates in the first few years of coverage due to medical checks when the policy is effected. Nevertheless after an initial analysis and modelling process of the individual PHI data available we found a negative trend (see Guti6rrez-Delgado (1999) ). This trend, that was also reported in other experiences, without major analysis, by Lundberg (1969) , Miller and Courant (1974) , C.M.I.B. (1996) and the A.D. C. (1998) , may indicate an important degree of moral hazard in some diseases, as suspected by underwriters in the market.
We decided to add at this stage the cause of disability, after a careful analysis of the possible influences relating to the negative trend and the data at hand. We expect that the resulting analysis will allow us to gain a more in-depth knowledge of the phenomenon.
Therefore our main aim in this paper is to examine the influence of initial selection and cause of disability on the actual claim inceptions in the presence of the effects from deferred period, sex, year and age.
We consider that the results of this research will be of interest in other disability income insurance markets (also called income protection inst, rance) outside the U.K. although our numerical results come from U.K. data.
THE CAUSE OF DISABILITY
In our work we group the causes of disability available (see section 3.1) to respond to two main objectives. Firstly to gain statistical robustness by reducing the large number of causes to a manageable number. Secondly, and more importantly, to help us to answer the question about the extent of the effect of some of the causes on the negative trend found before.
The grouping of causes of disability we used was derived from the remarks of some underwriters and consultants with extensive experience in the market. Comments related to a possible moral hazard effect in some diseases and the impossibility of detecting certain others during the underwriting process given their sudden aleatory nature were incorporated in the definition of the groups. The five groups structure we selected is.presented in Table 1 . Musculoskeletal diseases (back pains) and mental disorders, the first and second groups respectively, are considered as subjective kinds of diseases which allow a possibility of moral hazard. Moral hazard in this case is the risk lhat policyholders commit fraud concerning their symptoms to make a claim and prolong the disability period because there is no definitive medical test that can reliably prove non-illness or recovery at present. This phenomenon is called the "will to work". According to underwriters' experience, the will to work is highly influenced by economic conditions, as widely commented in Soule (1994) . Therefore these two groups of diseases are of particular interest to actuaries and underwriters. In addition both groups are very frequent causes of disability among workers as reported by Riihimaki, Kasl and Amick in McDonald (1995) . We confirm this situation with the statistics presented in section 3.2.
The fourth group includes all other diseases that can be identified through medical history and medical examination during the underwriting process. This group incorporates half of the diseases including a high proportion of the chronic-degenerative illnesses. Some examples of these diseases are neoplasms, arthritis-spondilitis, diabetes mellitus and heart diseases. Because of its definition we expect that group four will be of importance for the older ages and longer policy durations among all deferred periods.
The third group (infectious diseases) and the fifth group (accidents and injuries) involve causes of disability that can not be detected during the underwriting process and because of their sudden aleatory nature are not associated with moral hazard. Some characteristics of the diseases in the third group are the short term period for reaching recovery, the seasonality of most of them and the possibility of epidemics. Therefore we expect that group three will be important in shorter deferred periods. Group five is expected to be important among young ages specially because of road traffic accidents. It could be argued that infectious diseases can be detected through medical tests. Nevertheless in practice policy-holders who are in an episode of any infectious disease delay their application to avoid being rejected or requested to present extra medical tests or be subject to extra-premiums and/or exclusions. Figure 1 presents the mapping of the ICD8 code to the grouping we use. There are two other codes of diseases not included in this list. Both are related to unknown cause of disease (ICD8 codes 0 and 80). Actual inceptions (A4z,,,,,,,~) in these cases are proportionally distributed umong the other categories in the grouping proposed by the underwriters. 
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INITIAL ANALYSIS OF DATA
The Data Available
The Continuous Mortality Investigation Bureau (CMIB) supplied us with their individual PHI standard experience data for 1987 to 1994. These data incorporate class I occupations only, excluding policies with occupational and/or medical ratings/exclusions I. (Further details can be found in Kluwer (1998) and C.M.I.B. (1984) .) Our data were classified by deferred period (d = 1, 4, 13, 26 or 52 weeks); duration since the policy was effected (t =0, I or 2 or more years); sex (s= l-Males, 2-Females); age (x= 17 to 66 inclusive); calendar year (= 1987 to 1994 inclusive) and cause of disability (i = 72 possible causes from the international classification of diseases version 8 (ICD8)). Age (x) is classified by age nearest birthday at the start of the calendar year. Duration (t) is the curtate duration at the end of the calendar year.
For each combination of these effects we were provided with values for the actual number ofclaim inceptions (Ad,t,s,v,y,i) as well as the number of days spent claiming (Cd,,,.,,_,,y,i) . In addition we were given the number of policies in force at the start (SIFd.t,,,,xo,) and at the end (EIFd,,,.,..,.y) of each calendar year.
Given the characteristics of the policy-holders and the exclusions imposed by the product, not all ages or causes of disability are present in some deferred periods and policy durations. Therefore our dataset is composed only of 44,342 actual claim inceptions for the analysis.
The scarcity or non-existence of data for several ages imposed on us the need to group our range of 50 individual ages into smaller groups to gain statistical robustness. We decided to work with a structure of seven groups of ages as shown in Table 2 . Occupations are white collar workers or other similar non-hazardous occupations mainly. Standard exclusions are AIDS, pregnancy, activities of war, self injuries or attempt of suicide, drugs abuse and alcoholism. Common ratings/exclusions are hazardous pastimes or sports, aerial activity other than as a fare paying passenger, criminal acts and failure to seek or follow medical advice.
Exploratory Data Analysis
We present basic statistics for the data described in section 3.1. These numbers will provide some evidence of how the effects under analysis may influence Ad.t,s,x.) v. The first statistics we report in Table 3 are the totals summed over the eight years period of study. Notice that the values for the expected inceptions included in Tables 3, 4 and 5 were calculated following the methodology presented in section 4.1. It is evident from the statistics in Table 3 that musculoskeletal diseases and mental disorders are very important causes of disability. They represent 27% of the total actual inceptions despite the fact that they correspond to only three causes of disability in the ICD8. Accidents and injuries are also an important source of claims with 13% of the total for five causes in the ICD8. (See Table I ) More detailed statistics are shown in Tables 4 and 5 . From these we can observe that: -Males contribute around 90% of the total data in all deferred periods and policy durations although female participation has increased in recent years.
(See C.M.I.B. (1996) p. 166-169) -Deferred period one week dominates the claim inceptions (with about 70% of the total) followed by deferred period four weeks (with 14%), even though thc exposed to risk in these cases are lower than for the longer deferred periods. -The lack of inceptions in the deferred periods 13, 26 and 52 weeks (with 8.5%, 6.4% and 2.2% of the total inceptions, respectively) may affect any modelling process, as happened in the studies developed by the C.M.I.B. (1991) and Guti6rrez-Delgado (1999) where the deferred period 52 weeks was excluded from the analysis due to its distorting effect on the results. 4. THE MODELLING PROCESS
Generalized Linear Models
In order to model the effect of cause of disability and initial selection on claim inceptions, we fitted generalized linear models (GLM) to our data. (See Dobson (1990) as well as McCullagh and Nelder (1983) for an extended background.) The model follows the basic form:
with Ad,, ........ v,i ~ Poisson(t.~d,,,.,.,x,.~,,i) (1991) . This basis was created using data from males [1975] [1976] [1977] [1978] . Therefore an adjustment is required since the basis in C.M.I.B. (1991) is almost certainly not appropiated for the data we analysed. In addition the standard basis does not allow us to evaluate the influence of the initial selection and cause of disability in our data.
In consequence the calculation of.£/,~,s,x,y,i is our main objective in this stage because through it we can analyse the influence of the initial selection (t) and cause of disability (i) effects. We fulfil our aim by developing the modelling process described below.
Using logarithms, we obtain log (It~l, , , ., ., x, y, i) = log( E, l, , , s, ., ., , ) + log(£1, , .., .x, y, , ) Values of V,I are: 3.890 for deferred period (DP) 1 week. 1.320 for DP 4 weeks, The modelling was performed using the statistical package S-plus with the stepwise selection process (see Chambers and Hastie (1992) and Venables and Ripley (1994) for further details). We incorporate in the seed model all the effects and define the offset E,/,,~,.,-,.v for inclusion in the model. In addition we include an interaction between policy duration and group of causes of disability because it is of primary interest. The parametrisation that considers the sum of the parameters for a factor or interaction to be equal to zero is used in order to facilitate the analysis of results.
The main criterion to assess the goodness of fit for the models in our work is the value of the residual deviance (RD), referred to a ,y2 distribution on the corresponding degrees of freedom (DF). Large RD, relative to the appropriate X 2 distribution, implies a poor fit.
The addition of terms to the model is assessed by using the difference in RD, referred to a X 2 distribution on the corresponding difference in DF. A significant difference implies that the added terms do improve the fit of the model. However if we have a model which is already complex enough and gives a good fit according to the main criterion, we may compromise and choose not to add the terms. This is associated with the concept of parsimony.
In addition we use the value of the residual mean square (RSM) to measure the incorporation of over-dispersion. Under the Poisson distribution the RMS should be close to the ideal of 1. For this work we were satisfied with values less than 1.20.
The first results from the stepwise process showed a big distortion caused by the scarcity of data for A,l,,..,.,.,-,n, for deferred period 52 weeks, as happened during the previous stage of the research. Therefore we decided to exclude this category from the analysis. Excluding the data from deferred period 52 weeks resulted in a decrease of only 974 (2.25%) in the number of claim inceptions. In consequence the loss was not significant in terms of the quantity of data while it improved to a high degree the goodness of fit. Two models were considered at the fitting stage. The first includes all the effect mentioned in section 3.1 and several interactions. The year effect was included both as a factor and as covariate (linear and quadratic). Although technically significant, year and the interaction of year with cause of disability, were included at a late stage of the modelling procedure. The inclusion of year in the model makes the analysis of the cause of disability a very complex work that would involve the analysis of a six-way table.
Another approach we used to explain the year effect was to replace year by an economic index. We used both unemployment rates (separately for males and females) as well as the retail price index (to June and to December, including a lag of a year). However these did not provide any improvement over using year itself.
In addition eight calendar years are not enough to develop a time trend analysis. Nevertheless we are conscious that the year effect is significant for a more specific study as mentioned in Korabinski and Waters (1998) , Guti6rrez-Delgado (1999) and Renshaw and Haberman (1999) .
The second, and chosen, model excludes the year effect. Although results from this imply a slightly worse goodness of fit than the former model, the reduced complexity of the analysis makes this second option preferable.
The model selected from the stepwise process fits very well although it does not completely incorporate the over-dispersion effect (one of our criteria for evaluating the goodness of fit), at least to the levels reported in previous analysis (see Guti6rrez-Delgado (1999) ). The reason for the presence of over-dispersion is the values of the variance inflation factors (Vd) which are only an approximation to the real over-dispersion from duplicated policies and thus they may underestimate it. In addition the rows with Ad,t,s.x,y,i =0 we included to complete the set of five groups of causes may contribute to increase the phenomenon. Nevertheless this issue is of secondary importance to our main purpose. In consequence we decided to continue our analysis with the model selected. The model produced a residual deviance (RD) of 5,395 on 6,462 degrees of freedom (DF) and a residual mean square (RMS) of 1.259. Details of this model are provided in section 4.2.
The Model Fitted
The model fitted has the following components:
Main effects: -Deferred period (cO: factor with 4 levels -Policy duration (t): factor with 3 levels -Sex (s): factor with 2 levels -Group of age (x): factor with 7 levels -Group of cause of disability (i): factor with 5 levels 'qi cause of disability (See Table 2 (2) The presence of the interaction terms in the model implies that the description of the effects on the response Ad,~,.,..x,,,,, is complicated in that we can not summarise in a simple way neither the effect of initial selection nor cause of disability. We can only do this by presenting appropriate multi-way tables and graphs of the different relations. We calculate a set of factors to measure the influence of the effects of interest. The factors are calculated from the series of coefficients related to policy duration and cause of disability that are included in the fitted model described ill equation (2). The factors are defined in equations (3) and (4) below. Initial selection factor:
Cause of disability factor: F,:,,,,,.,. ,. = exp [,l, + (~,) ,,,, + (~).,.., + (~'7)s., + (/3,),,,]
Note that, for example, for the initial selection factor:
which exploits facts such as /3o +/31 + f12 = 0 using our parametrisation. A more extended explanation about the influence of the several effects as well as of both factors is presented in section 5.
RESULTS
The estimated coefficients from the fitted GLM for our equation (2) are given in Table 6 . These results confirm that all main effects and interactions are significant. Note that the t values should be considered in groups rather than individually. For instance the interaction (c~7) a .... shows a t value for the second coefficient of -0.325 which individually is not significant. However the group of three coefficients includes one which is 8.20. This value makes the interaction significant. It should be noticed here that our lnain purpose is to describe the extent of the effects of interest. Therefore the fitting provided by the GLM should be taken with reservations if an extrapolation is desired because projections are a secondary purpose of the GLM. In addition predictions using a GLM can provide unreliable values when they are used under lack of data.
The factors (Ft:,Li and Fi:d,,..,,,.,-) described in section 4.2 were calculated together with their standard errors. The resulting values for Fr:a,i are given later in Table 7 . Results of F~:a,,,.,.,.,. for males in group of ages 40 to 44 are presented in Table 8 as an example of the outcomes. The full set of results for F~:d,t,s,.,. is omitted but can be requested from the authors. We also illustrate graphically in The interpretation for the cause of disability factor is similar.
The lnitial Selection Factor
Results for the initial selection factor are presented in Table 7 which is a threeway table. They show a decreasing trend in general except for deferred period 13 weeks where there is a decrease-increase in four of the five groups of causes. The most significant decreasing trends are found for deferred period 4 weeks with infectious diseases being the best example, followed by accidents and injuries and musculoskeletal disorders. There is evidence of a decreasing influence in accidents and injuries over all deferred periods as happens for infectious diseases and all other diseases. Musculoskeletal diseases show a decreasing pattern for deferred periods 1 and 4 weeks. Mental disorders presents this trend in deferred periods 4 and 26 weeks. (See Table 7 and Figure 2 .) In consequence although the large standard errors are such that individual cases are not necessarily significant, a negative pattern is prevalent, suggesting the same trend found in the previous stage of analysis.
Notice that the standard errors for both factors are generally higher for policy duration zero years than for the other durations. This is because the amount of data for the first category of policy duration is considerably smaller than For the other categories as we can confirm from Tables 4 and 5 . Nevertheless there are cases where the standard errors increase with increasing policy duration. We have to remember for these situations that the standard errors increase/decrease with the size of the factor due to the underlying Poisson distribution. This fact opposes and can surpass the influence of the increase in the anaount of data available generating a bigger standard error than expected. (See Tables 7 and 8 
The Cause of Disability Factor
Our analysis is based on the full set of results 
SUMMARY AND CONCLUSIONS
The initial selection and the cause of disability effects proved to be significant in the modelling process of the actual claim inceptions. The extent of the influence from the former, measured through Ft.d,i appeared to be negative in several deferred periods and causes of disability. The strongest example of the trend in this factor was found in deferred period 4 weeks. The impact from the latter factor, quantified by Fi:a,,,s,x, showed that mttsculoskeletal diseases were significant only in very specific groups of ages. Mental disorders increased their importance by deferred period and age, as happened also for the group of All other diseases. Infectious diseascs were highly significant only in deferred period I week. Accidents and injuries were quite important exclusively in young ages.
Results from the factors showed that the grouping of causes of disability helped to partially explain the decreasing trend found in Guti~rrez-Delgado (1999) as a consequence of some moral hazard. We concluded that there might be some other effects, not available for this research, contributing to the negative trend on actual claim inceptions.
The model selected for the analysis provided a very good fit although it did not incorporate the over-dispersion at the level obtained in previous analysis.
